unsaturated fatty acids PUFA and nutraceutical fatty acids n-3 polyunsaturated fatty acids PUFAs , which contributes to the health promoting benefits and extensive research on the beneficial effects of FA on human health had been conducted. There have been a lot of research reports n-3 polyunsaturated fatty acid n-3PUFA and other functional fatty acids with physiological activities, they play an important role in stabilizing the cell membrane function, regulating gene expression, maintaining the balance of cytokines and lipoproteins anti cardiovascular diseases and promoting growth and development 2 4 .
Some researchers have found that raw and cooked fat are very susceptible to lipid oxidation during processing and subsequent storage 5 . Due to the high content of lipid in Altay sheep tail fat, it is very easy to be affected by the outside environment and lead to corruption. Lipid oxidation leads to quality losses, including flavor, texture, con-sistency and nutritive value, in particular, n-3 polyunsaturated fatty acids PUFAs in lipid are prone to oxidized to from hydroperoxide as a primary oxidation product during storage, even at a low temperature. Low-temperature storage is one of the most important preservation methods to keep meat freshness since compared with other method 6, 7 . It leads to a minimal loss of quality during longterm storage. Because the rates of microbiological, chemical and biochemical changes are reduced at the low temperature. Besides, storage temperature and the length of time can also influence the structure of lipid. The comprehensive utilization of livestock by-products is a new growth point in the development of animal husbandry, and the exploitation and use of animal fat is one of the important pillars, however, lipid oxidation is an inevitable chemical reaction which directly restricts the use and development of animal fat. At the current research status, there are many reports on the lipid oxidation changes in different meats during refrigerated storage which only have focused on meat 8, 9 , little information is available about the changes in lipid oxidation and fatty acids during a long time low-temperature storage in fats. Therefore, it is important to investigate and monitor the changes of the lipid oxidation during a long time low-temperature storage which is very important to develop a better understanding of the varieties in Altay sheep fat. Consequently, the objective of this study was to investigate the stability and changes of the FA composition of Altay sheep tail fat during the long time of 4 storage. Choose this temperature is because 4 is commonly for the refrigerator and also a suitable temperature for meat products. Our results 1 indicate that Altay sheep tail fat is suitable for further development of possible commercial products. For this purpose, in this work we determined the stability and changes of FA composition of Altay sheep tail fat during a long time of low temperature storage. This analysis should be of valuable relevance for FA protection during the development of possible commercial products.
MATERIALS AND METHODS

Reagents and chemicals
All the chemicals used were of analytical grade and obtained from Xinjiang Henyang Biotechnology Co, Ltd. Xinjiang, China . Supelco37 component FAME mix, was procured from Sigma-Aldrich Chemical Co. Bellefonte, USA . The composition of the fatty acid esters was determined by GC-MS Agilent Technologies 7890A GC System, USA . Separation was achieved on a HP-5 capillary column 60 m 250 μm 250 μm JAW 19091S-436, Agilent Technologies, Inc. .
Animals and region diet
The sheep grazed on grassland in Aletai area, Xinjiang province, China. They grazed in the Altai Mountains in summer and moved to the northern part of Quasi Ge Er Basin when autumn comes, they always go to the north in spring, this nearly a thousand kilometers of travel and they moved all the year round.
The grassland in the Aletai area is believed to be natural grassland; it has high livestock-carrying capacity and is highly suitable for grazing. The local weather is that of typical continental monsoon climate, the winter here is the mainly season, nearly half a year is winter, the temperature can be up to 30 40 . The relative humidity of the region is 65 on average. The pasture grasses growing in the grassland mainly belong to the sedge family Gramineae, typically Thermopsis, Potentilla, Lactuca, and Agrostis.
Preparation of Altay sheep fat samples
The Altay sheep fat samples were obtained from a local abattoir in Xinjiang, China. Briefly, carcasses from 3 adult sheep about 3 to 5 years old were slaughtered at a live weight of 110 5 kg. The sheep were slaughtered according to the requirements of National Standards of China Sheep Slaughter and Quarantine Regulations . The fat was carefully separated with a knife from the carcass tail of the sheep immediately. Separated fat were packed in box which filled with ice keep at 4 during transportation to laboratory to Shihezi University in 2 hours. The fat was immediately homogenized and divided into 25 equal aliquots 100 g aliquot-1 and the connective tissue and deposits with blood were removed manually in 1 h. The samples were stored for up to 50 days in refrigerator at 4 .Temperature was monitored for samples using a thermometer. During storage, the samples were taken and evaluated every 2 days. Each analysis was performed in triplicate.
Determination of pH
The pH of the fat was determined using a portable pH meter under these steps. The samples were removed from 4 refrigerator. Approximately 5.0 g of each fat sample was homogenized and filled with 50 ml distilled water, use a glass rod to separate the fat. The probe was inserted in the center of each fat solution after standardized the pH meter at pH 4.01, 6.86, and 9.18.
Lipid oxidation measurement 2.5.1 Thiobarbituric acid reactive substances TBARS
TBARS indicate the oxidative changes in muscle foods during a long time low temperature storage. TBARS assay of malondialdehyde MDA as described by 10 . From each fat, 5 g of sample was blended with 25 mL TCA solution containing 7.5 trichloroacetic acid and 0.1 of EDTA. Steep to 25 min and filtered through filter paper. Filtered sample 5 mL was mixed with 5 ml 0.02 M TBA 2-thiobarbituric acid , The mixture was heated for 45 min in a boiling water bath 90 to develop pink color, cooled in tap water, and then centrifuged at 5500 rpm for 5 min. The absorbance of the supernatant was measured at 532 and 600 nm using a UV-VIS spectrophotometer Beijing, China; model T6 and the differences A532 nm-A600 nm were used to correct the absorbance for turbidity. The blank samples for the spectrophotometer consisted of all the reagents minus the fat. The results were reported as mg MDA/kg sample.
Peroxide value PV
Peroxide value PV of the Altay sheep fat was determined as per the method of 11 with a slight modification.
The lipid sample 2 g, depending on the extent of peroxidation dissolved in 30 ml 3:2 v/v acetic acid-chloroform then 1ml saturated KI freshly prepared was added. After 5 min standing in the dark, 20 mL distilled H 2 O was added and the mixture was titrated with one milliliter of filtrate Na 2 S 2 O 3 until the color turned to yellow. Starch solution was then added and titration was completed to obtain a colorless mixture. The blank samples for the titration consisted of all the reagents expect the fat . PV was calculated by use of the equation:
PV samlpe blank normality of Na 2 S 2 O 3 1000 weight of sample 2.6 Fatty acid methyl esters preparation and GC analysis Accurately weighed 500 mg of oil sample, 5 ml of 0.5 mol/L NaOH in methanol was added to the lipid extract and subsequently methylated with 15 BF 3 -CH 3 OH. The mixture was heated for 5 min in a boiling water bath 70 to make better saponification. The temperature was programmed to increase at a rate 5 /min from 170 to 250 . The injection port and detector were maintained at 230 and 270 . Nitrogen was used as carrier gas at a column inlet pressure of 2 kg/cm 2 .
Statistical analysis
Lipid autoxidation was evaluated periodically. The experimental data were subjected to analysis of one-way analysis of variance ANOVA and the significant differences between mean values obtained at different sampling days were evaluated by Tukey method for multiple comparison. The Statistical Package for Social Sciences SPSS, version 18.0; SPSS, Chicago, IL, USA was used to perform cluster analysis based on Spearman correlations. The data were entered, verified and analyzed using SPSS.
RESULTS AND DISCUSSION
Changes in pH
The pH of Altay sheep fat during storage are shown in Fig. 1 . During storage, the changes in pH of the Altay sheep fat decreased obviously in the whole refrigerated storage at 4 . There was a slightly drop after 2 days p 0.05 and then increased 2-10 days p 0.05 . The pH kept in a relatively stable range between 6.73-6.45 12-20 days p 0.05 . After 24 days storage, the pH had continued to decline until 50 days p 0.05 . The storage length and fat condition significantly influenced the changes of pH. The initial decline may be due to the fact that in response to stress and muscle damage, lactic acid and muscle glycogen from muscles is released in to the blood 12 , the reason for the increase is due to the low temperature and no acid keep fat in a relatively stable environment. Also, there have been some reports on the effect of pH 13, 14 found that different parts of the fat have its own pH and the triceps had higher pH values than either the semimembranosus or longissimus muscle. Besides 15 observed that slaughter age had a significant effect on the changes of goat muscle pH and 16, 17 found that the effect of post-mortem aging time, animal age and sex can also changes the pH value. After maintain a period of time. Decreased tenderness as the ultimate pH of fat drops from 6.02 to 4.76 is due to the fat rancidity, microbial infection, storage time and other conditions of storage. These values are similar to those reported by Nakyinsige, K. et al. 9 . The changes of pH value is indicate that the stability of the fat start to disintegrate. The rate and the extent of refrigerated triggered the pH decline, eventually induced lipid to disintegrate and other phenomenon like affecting tenderness, juiciness, colour and odour.
Changes in PV and TBARS
As shown in Fig. 2 . The PV of the Altay sheep tail fat during storage at 4 increased continuously up to 24 days representing the earlier stage of lipid oxidation. The flat portion of the curve 2-12 days prior to the rapid rise 14-24 days in peroxide concentration is an indication of induction period stability during the earlier stage. The data presented here suggested that the fat underwent lipid oxidation at a pronounced rate during the first 24 days of storage .The decrease PV observed with extended storage time was presumed to be due to the decomposition of hydro-peroxide, the hydroperoxide formed might undergo decomposition to form secondary lipid oxidation products 18 . The lipid oxidation occurred in Altay sheep fat rapidly during refrigerated storage, might due to the high content of fat and pro-oxidants in fat 19, 20 reported that the peroxide value of sardine muscle increased until 9 days reached the maximum value and decreased thereafter during 15 days of iced storage. Changes in TBARS of Altay sheep tail fat during refrigerated storage are also shown in Fig. 2 . TBARS value increased during the entire period of storage p 0.05 . The initial value of TBARS was 0.07 mg/kg sample, indicating that lipid oxidation occurred from the outset of storage. TBARS value increased slightly within the first 12 days. A moderate increase 14-22 days p 0.05 did not vary, but was significantly higher than that of 0-14 days. Thereafter, TBARS increased obviously up to 24 days and continuously increased throughout the storage p 0.05 . Autocatalytic oxidative processes of lipids constitute a major cause of reduced a long time storage in meat, the increase in TBARS indicated formation of secondary lipid oxidation products which has been implicated in the deterioration of flavor 21 . The marked increase in TBARS during 24-50 days of refrigerated storage was coincidental with a decrease in PV shown in Fig. 2 . This was probably due to the destruction of hydro-peroxides into secondary oxidation products and production of potentially toxic compounds. In the recently study 9 reported that the TBARS value of rabbit muscle along the storage period at 4 increased when the storage time increased for 7 days. Also, Elva 22 reported that TBARS in chicken leg and breast meat also increased at the end of 6 months of frozen storage. These findings indicate that lipid oxidation is accelerated with prolonged storage time. Fat is also more susceptible to lipid oxidation because it contains high levels of lipids, lipases, and microbes 23, 24 . Figure 2 shows us both changes of TBARS and PV at the same time. From the results that we could easier find there are some relationships between TBARS and PV during refrigerated storage. In agreement with PV, the TBARS value increased slightly in the first 16 days. Thereafter, the TBARS increased significantly up to 50 days which is coincidence with the changes of the PV value 18-24 days to get the maximum. Together, it can be concluded that the first 24 days storage is the initial stage of autoxidation of Altay sheep fat refrigerated storage at 4 for 50 days. The decrease of PV after 24 days refrigerated is also in agreement with the increase of the TBARS value, this may due to the hydroperoxides produced are probably unstable and highly susceptible to further changes that may form secondary oxidation products in the later stages of lipid oxidation.
Changes of the fatty acid content
Fatty acid compositions in Altay sheep tail fat during storage are present in Table 1 . Changed in saturated fatty acids SFA , monounsaturated fatty acids MUFA , polyunsaturated fatty acids PUFA and trans fatty acids TFA were observed in Altay sheep fat throughout the refrigerated storage. Fresh Altay sheep fat 0 day comprised 43.6 SFA, 51.2 MUFA, 2.4 PUFA and 2.0 TFA. The palmitic acid C16:0 18.4 and stearic acid C18:0 21.1 as dominant saturated fatty acids. Among MUFA, oleic acid C18:1 n-9 49.1 was the major one followed by palmitoleic acid C16:1 2.1 . The dominant PUFA 0 day in Altay sheep fat was C18:2 n-9 2.2 and followed by C18:3 n-3 0.3 , respectively. Ref. 25 reported that the palmitic acid C16:0 and stearic acid C18:0 are the most abundant SFA in sheep meat and the oleic acid C18:1 n-9 in sheep meat as dominant MUFA followed by palmitoleic acid C16:1 . A small quantity of C18:3 n-3 was also found in goat meat reported by Santercole, V. et al. 26 . The content of total SFA and unsaturated fatty acids were 43.6 and 53.6 , respectively, the data indicated that Altay sheep fat were dominated by saturated fatty acid with correspondence high amounts of unsaturated fatty acids. The high content of the unsaturated fatty acids 53.6 play an important role leading to the lipids more susceptible to lipid oxidation. During the refrigerated storage, SFA increased by 4.4 and 12.7 at day 20 and day 50 , respectively. MUFA and PUFA decreased by 
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7.5 and 0.3 at day 50 , compared with that found at day 0 . The marked decrease in MUFA and C18:3 n-3 in PUFA might be due to their susceptibility to oxidation. In contrast to reduction of C18:3 n-3 of the PUFA identified in Altay sheep fat, no changes was found in C18:2 n-9 after storage for 50 days. Considering the decrease of PUFA, the percentage of C18:2 n-9 kept relatively stable, which is in agreement with the results by Brasil, L. and Zhang, H. et al. 25, 27 . No obviously changes in goat and beef fat. But different storage conditions affected the content of C18:2 n-9 reported by different authors 28, 29 . C18:2 n-9
has been found to have low oxidative stability during storage 8 . The TFA C18:1 n-9t and C18:2 n-9t in Altay sheep fat were found during the day 0 increased continuously by 2.3 and 0.4 at day 50 , respectively. The C18:1 n-9t and C18:2 n-9t depends on the dietary source of PUFAs and on the amount and type of grass reported by Janiszewski, P. et al. 30 . The ruminants in pasture generally yield a high content of C18:1 n-9t and C18:2 n-9t 31, 32 .
Correlation analyses.
The different chemical indices and FAs were tested for correlation with the time of low temperature storage Table  2 .
According to the results shown in Table 2 , PV and TBARS were the only chemical indices that showed significant p 0.05 linear correlation values with the refrigerated storage time at all the low temperature storage times Table 2 , PV and TBARS showed, in PUFA and MUFA cases, correlation values higher than 0.97 and 0.98, respectively. The PV and TBARS values correlate negatively with the changes of PUFA and MUFA and decreased significantly in C16:1 and C18:3 n-3 . The results showed us that the PUFA and MUFA decreased as the storage time increased. When the PV and TBARS values increased, the correlation values higher than 0.93, 0.97, 0.94 and 0.85, respectively. The content of C16:0 , C18:0 , C18:1 n-9t and C18:2 n-9t correlate positively. The result showed us that the SFA and TFA increased at the end of the storage time, this due to the unstabitily structure of the MUFA and PUFA, turned into SFA at the end of the refrigerated storage. The changes of C18:2 was not clearly indicated by the PV and TBARS value, but it was still prone to changes during the long time of refrigerated storage.
CONCLUSION
Long time of refrigerated storage can influence the speed of lipid oxidation. Altay sheep fat showed a gradual deterioration of lipid oxidation. Our results indicate that the stable stage of autoxidation of Altay sheep fat, as indicated by PV and TBARS value, occurred during the first 25 days of refrigerated storage. The content of SFA was increased while the PUFA and MUFA were decreased during the 50 days of refrigerated storage. The high content of unsaturated fatty acid could make Altay sheep fat more prone to lipid oxidation as correlated by PV and TBARS.
